While a large amount of work has been done on the synthetic applications of tertiary enamines, pioneered by S t o r k and coworkers1*2, less is known about the scope of similar applicability of secondary enamines. Secondary enamines predo minantly exist in the imino form both in aliphatic and in cyclic compounds except in cases where the 5 argued that this need not be invoked5. Conclusive proof for the existence of such an equilibrium was subsequently obtained in these laboratories by N M R experiments involving deutration of harmaline6 and its reactions with various electrophiles to afford both C-and N-alkylated products7-8. The present study was undertaken on account of a report from P f a u and R i b i e r e 9-10 that only C-alkylated products were obtained when isopropylidene isopropylamine and cyclohexylidene cyclohexylamine were allowed to react with dimethyl maleate. The authors claimed these to be the first demonstrations of C-alkylations of ketimines via their enamine tautomers. A survey of the literature however showed that two groups of workers had earlier demonstrated similar reactivity in 3,4-dihydroisoquinoline and tetrahydropyridine systems R equests for reprints should be sen t to Dr. A t t a -U R -R a h m a n , Postgraduate In stitu te o f Che m istry, U niversity o f K arachi, Karachi-32, P akistan.
in their reactions with acrylamide and unsaturated esters11-12.
The two imines chosen for study were N-isopropylidene cyclohexylamine and N-ethylidenecyclohexylamine so as to investigate the reactivity of both ketimine and aldimine systems with various electrophiles. The two imines were prepared according to the methods described by Ca m p b e l l 13 and N o r t o n 14, respectively. N-Isopropylidene cyclohexylamine was refluxed with an equimolar quantity of methyl acrylate in dry benzene for 14.5 hours. The mixture on distil lation and column chromatography afforded a pure substance which was crystallized as the oxalate m.p. 134-135 °C (55% yield) which ana lysed for C22H42N20 9. The mass spectrum exhibited a molecular ion at m/e = 185 and the infrared spectrum showed ester absorption at 1730 cm-1 but no C = N stretching vibrations were present. The NMR spectrum (in d 6 DMSO) showed a threeproton singlet at < 5 3.67 and a triplet of the methy lene protons geminal to the ester group at (5 2.79 (J -6 c/s). Another two proton triplet was centred at 6 2.53 (J = 6 c/s) of the methylene adjacent to the nitrogen. A one-proton multiplet of the methine proton adjacent to the nitrogen was located at 6 2.53. The above evidence clearly showed that N-alkylation of the ketimine had occurred followed by hydrolysis of the resulting enamine (2) during work-up to afford the secondary amine (3).
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Similarly the ketimine was refluxed with acrylonitrile in benzene for 10 hours and the major product separated by column chromatography. The oil obtained was crystallised as the oxalate, m.p. 200-203 °C (50% yield) analysis of which indicated the molecular formula of the base C9H 16N2 and afforded the parent peak at m/e = 152. The IR spectrum showed a peak at 2240 cm-1 due to the cyano group. The NMR spectrum (in d 6 DMSO) exhibited a two-proton triplet at d 3.27 (J -6 c/s) and a two proton triplet at d 2.98 (J = 6 cps) of the two methylenes adjacent to the cyano group and geminal to the nitrogen respectively. A oneproton multiplet of the methine proton adjacent to the nitrogen was present at < 5 2.5. The above data indicate that N-alkylation had taken place followed by hydrolysis giving rise to the secondary amine (4) .
When the ketimine and allylbromide were refluxed in dry dioxan for 5 hours, one major faster moving spot was indicated on t.l.c. Extraction from ether after basification, yielded a liquid which was crystallised as the oxalate m.p. 189-194 °C (55% yield) which analysed for C9H 17N(COOH)2. The mass spectrum showed the molecular ion at 139 m.u. and the IR spectrum exhibited a peak at 1630 cm-1 due to C=C bond. The NMR spectrum (in d 8 DMSO) showed a multiplet of one olefinic proton at < 5 5.98 and a two-proton multiplet of the unsaturated methylene at 6 5.4. There was a twoproton doublet at 6 3.6 (J = 6 cps) due to the methylene proton geminal to the nitrogen. The protons of the cyclohexyl group resonated in the region of < 5 1.1-2.5. This indicated that again Nalkylation had taken place followed by hydrolysis resulting in the formation of the secondary amine (5). Benzoyl chloride reacted with the cold ketimine instantaneously and the precipitate thus obtained was taken up in water, basified with ammonia and extracted with ethyl acetate. The organic extracts on evaporation afforded crystals, m.p. 148-152 °C (80% yield) which analysed for C13H 17NO. Its mass spectrum showed the molecular ion at 203 m.u. and the NMR spectrum (in d 6 DMSO) showed a five-proton multiplet of the benzene ring at < 5 7.5-8.0 and a multiplet of eleven protons of the cyclo hexyl moiety was observable in the region between Ö 1.2-3.5. The above physical data indicate that N-acylation was followed by hydrolysis to afford the amide (6) .
Equimolar quantities of the ketimine and benzyl chloride were re fluxed in dry dioxan for 8 hours. The product on basification readily afforded the oxalate in a crystalline form, m.p. 216-219 °C (50% yield). The microanalysis of the salt showed the molecular formula of the base to be C13H 19N and the mass spectrum exhibited the molecular ion at 189 m.u. The NMR spectrum (in d 6 DMSO) showed a two-proton singlet at < 5 7.5 for the methylene protons adjacent to the benzene ring and an elevenproton multiplet at 6 1.2-2.5. The above data clearly suggest that N-alkylation had taken place followed by hydrolysis yielding the secondary amine (7).
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The ketimine was similarly refluxed with four times excess of acrylamide for 26 hours, in a mixture of dry dioxan and dimethylsulphoxide in the presence of a catalytic amount of p-toluenesulphonic acid. The product was basified and the corresponding crystalline oxalate m.p. 200-203 °C (45% yield) prepared which analysed for C9H 18N20 (COOH)2. The mass spectrum showed a molecular ion at mfe 170. Its NMR (in d 6 DMSO) exhibited two peaks of one proton each at 6 7.0 and d 7.59 for the -N H 2 of the amide group. There was a twoproton triplet at 6 3.1 (J = 6 cps) of the methylene protons adjacent to the nitrogen and a two-proton multiplet at d 2.5 for the methylene protons geminal to the amide group. Eleven protons of the cyclohexyl moiety resonated in the region between 6 1.2-2.0. I t can therefore be said that in this case also N-alkylation had taken place and subsequent hydrolysis resultet in the formation of the second ary amine (8). 
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N-ethylidene cyclohexylamine and acrylonitrile were taken in equimolar quantities and refluxed in dry benzene for two hours. T.l.c. showed one major faster moving spot. The benzene was distilled off and the residue extracted into ether from a basic solution. The ethereal extracts on concen tration and addition of oxalic acid afforded a crystalline oxalate m.p. 198-200 °C (50% yield). Micronanalysis suggested that its molecular for mula to be C9H 16N2. The infrared spectrum of the compound showed a peak at 2250 cm-1 of the carbon-nitrogen triple bond stretching vibration. The NMR (in d 6 DMSO) spectrum showed a twoproton triplet of the methylene adjacent to the nitrogen at < 5 3.29 (J = 6 cps) and a two-proton triplet of the methylene adjacent to cyano group at < 5 2.98 (J = 6 cps). The above data indicate that N-alkylation had followed by hydrolysis yielding the secondary amine (9). The above alkylations of the ketimine and aldimine therefore afforded only N-alkylation products under the conditions examined. Our results are therefore sharply in contrast to those of P f a u and R i b i e r e 9-10 who have reported only C-alkylation products via the enamine tautomers of imines. Indeed it is extremely surprising that no N-alkylated products were obtained by P f a u and R i b i e r e in view of the existence of a mobile equilibrium between the imine and enamine forms of ketimines. Moreover this equilibrium is strongly displaced towards the inline form as was demonstrated by P f a u and R i b i e r e (I.e .) by NMR studies of deuterated isopropylidene-isopropylamine and by A t t a -u r -R a h m a n 7 on NMR studies of deuterated harmaline.
I t is therefore evident that scope of the C-alky lation reactions of ketimines and aldimines via their enamine tautomers is limited. If the imine can be made to exist predominantly in the enamine form, say by N-silylation of the ketimine and aldimine, then one would expect facile C-alkylation to occur; the N-silyl group could subsequently easily be removed. Such a study is currently under progress. The above procedure of hydrolysis of the
